Abstract
Introduction
Metabolic syndrome is a cluster of biological factors characterized by abdominal obesity, dyslipidemia, hypertension, and type 2 diabetes mellitus (1). The link between metabolic syndrome and increased risk of multiple chronic diseases (eg, cardiovascular disease, arthritis, chronic kidney disease, schizophrenia, several types of cancer) and of early death have been reported for many decades (2-13). Complicating efforts to better understand the public health burden of metabolic syndrome and identify prevention strategies is the lack of consistency in the clinical definition and categorical cut-points for component conditions. By using the definition of metabolic syndrome from the International Diabetes Federation (IDF) and the National Cholesterol Education Program, the prevalence of metabolic syndrome is estimated at more than 30% in the United States; however, by using the Adult Treatment Panel criteria, prevalence is estimated at about 22% (14-16).
The prevalence of obesity among US adults increased steadily since the 1990s and is now at epidemic proportions, with over two-thirds of US adults either overweight or obese (17). Concurrently, the prevalence of type 2 diabetes and hypertension has also steadily increased, cumulating in substantial increases in the proportion of adults who likely meet the criteria for metabolic syndrome and are thus at increased risk for more serious chronic con-ditions and premature death. It is therefore urgent to understand the trends in metabolic syndrome prevalence with the goal of identifying etiologic factors that are subject to public health intervention strategies. In recognition of this problem and to reconcile the many definitions and categorical cut-points for metabolic syndrome, several organizations (IDF; National Heart, Lung, and Blood Institute in the United States; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity) issued a joint statement with a definition and criteria for metabolic syndrome to which they have all agreed (18) .
Given what appears to be a consensus on the definition and categorical cut points for metabolic syndrome, we examined a nationally representative sample of adults in the United States, estimated the prevalence of metabolic syndrome overall, by race and sex, and assessed trends in prevalence since 1988. In addition, we determined the independent effects of socioeconomic factors on the prevalence of metabolic syndrome.
Methods

Study design and participants
Since 1959, the National Center for Health Statistics of the Centers for Disease Control and Prevention has collected, analyzed, and disseminated data on the health status of US residents as part of the National Health and Nutrition Examination Survey (NHANES) (19) . Each year NHANES surveys a nationally representative sample of about 5,000 US adults in which Mexican Americans and non-Hispanic blacks are oversampled, and weighted analysis is used to generate generalizable estimates. NHANES collects demographic, socioeconomic, dietary, and health-related data that include clinical measures of blood pressure, fasting blood glucose, triglycerides, and high-density lipoprotein (HDL) cholesterol in addition to self-reported medication use for health conditions. We conducted cross-sectional analysis of the NHANES data and examined trends in metabolic syndrome over time by establishing 3 periods; 1988-1994 (first period), 1999-2006 (second period), and 2007-2012 (third period) . These periods were chosen to account for the lack of continuous annual data over the entire 24-year period (no data for 1996 through 1998) and variations in the NHANES sampling design over time.
Comparisons between periods are appropriate as long as sampling weights and units are accounted for in statistical analyses.
Our analysis included all non-Hispanic white, non-Hispanic black, and Mexican American adults aged 18 or older represented in the NHANES data set during the study period. Adults of other race/ ethnicities were excluded because of limited sample sizes and inconsistent categorizations across the survey years; pregnant women were also excluded to reduce bias associated with pregnancyassociated diabetes or weight gain. A total of 51,371 participants during the study period were included in this analysis; 18,552 participants for 1988-1994, 18,445 participants for 1999-2006, and 14,374 participants for 2007-2012 . The University of Alabama at Birmingham Institutional Review Board considered this study exempt from review because of the use of publicly available, deidentified data.
We defined metabolic syndrome using the criteria and definition published in the joint scientific statement on metabolic syndrome (18). These criteria defined metabolic syndrome as present when 3 of these 5 components are present: 1) elevated waist circumference (≥88 cm for women and ≥102 cm for men), 2) elevated triglycerides (≥150 mg/dL) or drug treatment for elevated triglycerides, 3) low HDL cholesterol (<40 mg/dL for men and <50 mg/ dL for women) or drug treatment for low HDL cholesterol, 4) elevated blood pressure (systolic ≥130 mm Hg, or diastolic ≥85 mm Hg, or both) or antihypertensive drug treatment for a history of hypertension, and 5) elevated fasting glucose (≥100 mg/dL) or drug treatment for elevated glucose. We defined metabolic components using the NHANES questionnaire responses and laboratory responses listed in Appendix A. NHANES did not collect laboratory values for HDL cholesterol for survey years 1999 through 2004. Therefore, we relied on self-report of drug treatment for low HDL cholesterol. In this analysis, we calculated the estimated proportion of adults who met each component criterion and who met the formal definition of metabolic syndrome across the study periods (individuals with missing or unknown data were included in a separate response category).
To assess sociodemographic differences in the prevalence and trends of metabolic syndrome, we included the variables age, race/ ethnicity, education, and poverty to income ratio (PIR). Age was assessed as a continuous variable for participants aged 0 to 84 years, and those 85 or older were classified as 85 years of age (NHANES codes individuals 85 or older as 85 years). Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, or Mexican American. NHANES determined education level by the response to the question "What is the highest grade or level of school completed or the highest degree received?" The education variable was further categorized into less than high school graduate, high school graduate or equivalent, some college, college graduate, or unknown/refused. PIR was calculated as the ratio of total family income to poverty threshold values (in dollars). Persons who reported having no income were assigned a zero value for PIR. PIR values less than 1 are considered below the official poverty line, whereas PIR values greater than 1 are above the poverty level (20).
Statistical analysis
All analyses were performed in 2016 using NHANES-generated sampling statistical strata, clusters, and weights as designated and described in detail in the NHANES methodology handbook (19). Thus, results may be generalizable to the US population. Sociodemographic characteristics, prevalence of metabolic syndrome, and individual metabolic components were estimated while accounting for stratum, primary sampling units, and weights unique for each NHANES period by using SAS (version 9.4, SAS Institute, Inc) PROC SURVEY procedures (ie, FREQ, REG, and MEANS).
We estimated the prevalence of metabolic syndrome and individual components over time (1988-1994, 1999-2006, and 2007-2012) , stratified by race and sex using weighted means and proportions. To determine the odds of metabolic syndrome adjusting for potential confounders such as level of education and PIR, we performed several logistic regression models for each period with metabolic syndrome as the outcome and sociodemographic variables as exposures. We performed similar analyses examining each component of metabolic syndrome. As a sensitivity analysis, to assess whether the increase in prevalence of metabolic syndrome is driven solely by increasing rates of obesity among US adults, we determined the prevalence of metabolic syndrome across the study period, excluding participants with body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared) of 30 or higher. We tablulated results of statistical models as adjusted odds ratios (ORs) and 95% confidence intervals (CIs).
Results
There were 51,371 participants representing an estimated 548,105,710 US adults aged 18 or older from 1988 through 2012 (Table 1) . During the observation period, the average age of study participants increased gradually, with mean age increasing from about 44 years during 1988 -1994 95% CI, 43.4-45.5 ) to almost 47 years during 2007 -2012 95% CI, 46.0-47.6 ). The proportion of both non-Hispanic blacks and Mexican Americans also increased during the observation periods (by 9.8% and 71.7%, respectively), while the proportion of college graduates increased from 19.9% in 1988-1994 to 26.8% in 2007-2012 . Mean PIR decreased over time from 3.2 (95% CI, 2.9-3.4) in 1988-1994 to 3.0 (95% CI, 2.9-3.1) in 2007-2012. In addition, mean BMI increased significantly during the study periods, from an average of 26.5 (95% CI, 26.3-26.7) in 1988 -1994 to 28.2 (95% CI, 28.0-28.4) in 1999 -2006 and 28.7 (95% CI, 28.5-28.9) in 2007 -2012 The overall prevalence of metabolic syndrome in 1988-1994 was 25.3%, declining to 25.0% in 1999-2006 and then increasing substantially to 34.2% in 2007-2012 (Table 2) . Among men, the prevalence of metabolic syndrome increased from 25. 6% during 1988-1994 to 33.4% during 2007-2012 . Similarly, the prevalence of metabolic syndrome increased for women from 25.0% during the first period to 34.9% during the third period. During the entire study period, the largest increase in the prevalence of metabolic syndrome was observed among non-Hispanic black men (55%), then non-Hispanic white women (44%), and non-Hispanic black women (41%), while the smallest increase was observed among Mexican American women (2%). Metabolic syndrome prevalence increased among non-Hispanic white men by 31%, and increased among Hispanic men by 12.5%. The prevalence of metabolic syndrome did not decline for any racial/ethnic group during the study period (Figure 1 ), although among Mexican American men we found a temporary decrease in prevalence of metabolic syndrome between the first (24.7%; standard error [SE], 1.5) and second (17.1%; SE, 1.1) period. When stratified by race/ethnicity and age group, prevalence of metabolic syndrome increased from about 10% among those aged 18 to 29 years for all racial/ethnic groups to almost 70% among women aged 70 or older in 2007 -2012 . Appendices B, C, and D, show the prevalence of each metabolic syndrome component stratified by race and sex. The metabolic syndrome component with the most significant increase during the study period was elevated waist circumference (among men, from 23.6% in 1988-1994 to 42.6% in 2007-2012 ; among women, from 38.2% to 60.9%), followed by low HDL cholesterol (among men, from 29.6% in the first period to 41.7% in the third period; among women, from 35.3% to 46.2%). . Metabolic syndrome was defined by using the criteria agreed to jointly by the International Diabetes Federation; the National Heart, Lung, and Blood Institute in the United States; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity (18). Abbreviation: SE, standard error.
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www.cdc.gov/pcd/issues/2017/16_0287.htm • Centers for Disease Control and Prevention Figure 2 . Prevalence of metabolic syndrome among US adults over time by race/ethnicity-sex and age group, National Health and Nutrition Examination Survey (NHANES), 1988-2012. Metabolic syndrome was defined by using the criteria agreed to jointly by the International Diabetes Federation; the US National Heart, Lung, and Blood Institute in the United States; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity (18). Abbreviation: SE, standard error.
After adjusting for education, PIR, and age, we found that nonHispanic black men were less likely than non-Hispanic white men to have metabolic syndrome during 1988 -1994 95% CI, 0.46-0.67), 1999 -2006 95% CI, 0.53-0.76), and 2007-2012 (OR, 0.77; 95% CI, 0.66-0.89) (Table 2) . Non-Hispanic black women were more likely than non-Hispanic white women to have metabolic syndrome only during the third period (OR, 1.20; 95% CI, 1.02-1.40). Compared with those with a college education or higher, those with lower levels of education had significantly increased odds of metabolic syndrome. In addition, for every 10-year increase in age, odds of metabolic syndrome increased by 50% (OR, 1.50; 95% CI, 1.46-1.54) in the first period to 73% (OR, 1.73; 95% CI, 1.67-1.80) in the third period.
Among nonobese participants overall, the prevalence of metabolic syndrome appeared to remain stable during the study period (Appendices E and F; 1988 -1994 1999 -2006 2006 -2012 . However, the prevalence of metabolic syndrome among the nonobese increased from 15.3% to 25.1% among non-Hispanic white women, from 14.5% to 20.9% among non-Hispanic black women, and from 9.6% to 16.9% among non-Hispanic black men.
Discussion
Our study is one of the largest (data are from almost 3 decades) to use the harmonized criteria for metabolic syndrome in characterizing the prevalence, trends, and sociodemographic distribution of this condition among US adults. We observed that by 2012, more than one-third of all US adults met the criteria for metabolic syndrome, with the highest burden being among non-Hispanic black and adults with low socioeconomic status. We observed that this increase is not driven solely by the rising prevalence of obesity among US adults; metabolic syndrome prevalence was constant over time even among the nonobese (>16% prevalence for all periods). Prevalence of metabolic syndrome increases rapidly with age, suggesting that given the demographic trend in the US population of increasing age, further increases in metabolic syndrome prevalence are to be expected, with concomitant increases in related chronic diseases and conditions.
Other studies had results that are in line with our findings, although prevalence estimates vary depending on which metabolic syndrome criteria are used. For instance, Beltrán-Sánchez et al observed a prevalence of about 23% using the Adult Treatment Panel criteria with NHANES data (21). Using the definitions by both the IDF and the National Cholesterol Education Program, Ford et al also observed similar trends of metabolic syndrome prevalence in the United States, with 28% in 1988 States, with 28% in -1994 States, with 28% in and 31.9% in 2000 . In a more recent study, Aguilar et al estimated the prevalence of metabolic syndrome from 2003 through 2012 to be 33%, similar to our 34.2% during 2007-2012 (22) . Out study also examined the independent association of education, income, and age with prevalence of metabolic syndrome, and it focused on the subgroup of nonobese adults. We found that regardless of the period, low education and advanced age significantly increased the odds PREVENTING CHRONIC DISEASE VOLUME 14, E24 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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for metabolic syndrome. Given the recent consensus on the clinical definition and categorical cut points for metabolic syndrome, it will be important for research studies to focus next on identifying etiologic factors to inform prevention strategies for this condition.
Our observation that metabolic syndrome prevalence increases with age suggests that the efforts to increase awareness of prevention strategies must begin early, ideally when any 1 of the constituent components (eg, obesity) is present, before the development of all 3 components required for the formal definition of metabolic syndrome. The increased prevalence of metabolic syndrome among older adults seen by our study may be explained by the increases in sedentary lifestyle and functional disability and decreases in physical activity among older adults reported in other studies (23) (24) (25) . Additionally, our observation that low socioeconomic status (measured by educational attainment and PIR) is strongly associated with metabolic syndrome may also provide clues to avenues for prevention. Public health strategies that are well known to be important for chronic disease prevention in general can substantially reduce the prevalence of metabolic syndrome. For instance, by improving access to fresh fruits and vegetables in low-income communities, which are often food deserts and heavily targeted by purveyors of fat-dense and calorie-dense but nutritionally poor foods; increasing availability of safe, walkfriendly environments to encourage physical activity; and improving access to affordable health care (such as through the Affordable Care Act's Medicaid expansion program) for timely management of metabolic syndrome components (26). Population-specific studies will be important in identifying subgroups for which metabolic syndrome is a health issue and for which disease management strategies are needed (for instance, non-Hispanic white and non-Hispanic black women, among whom the prevalence is about 35%). Simultaneously, studies to identify biomarkers associated with metabolic syndrome that are linked with the development of specific chronic diseases, such as stroke or cancer, will significantly enhance the early detection of these diseases. This effort will be critical for the 66 million US adults who meet the criteria for metabolic syndrome and who are at risk for serious chronic diseases and conditions as a result.
This study has several strengths and limitations. First, NHANES is a nationally representative, standardized survey on a multitude of health-related issues. This ensures that the results are generalizable and have a high level of validity. Selection bias is minimized because NHANES is a continuous survey of randomly selected individuals across the United States who respond to a standardized survey administered by trained personnel. However, a study limitation is the well-known racial/ethnic differences in the association between obesity or BMI and health (27) . Although the joint criteria for metabolic syndrome indicates that population-specific cutoff values for obesity be used, it remains unclear what the ideal BMI cutoff is for non-Hispanic blacks or for Hispanics; more work in this area would allow researchers to further refine estimates of the prevalence of metabolic syndrome by race/ethnicity. Another limitation is that we may have underestimated the overall prevalence of metabolic syndrome (and its components) in the United State population because of missing data on components from some individuals represented in NHANES. However, this limitation is unlikely to result in systematic selection bias because we assume that data are missing at random.
Metabolic syndrome prevalence increased since 1988 among US adults, particularly among non-Hispanic white women, non-Hispanic black women, and individuals of low socioeconomic status. As the US population ages, these rates are likely to continue to increase, concurrent with age-related increases in other serious chronic diseases such as stroke, cardiovascular diseases, and cancer. Work is needed to quantify the chronic disease burden associated with metabolic syndrome among US adults. Existing preventions strategies, if implemented in population subgroups at highest risk, may have a substantial effect on reducing these trends. 
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